ABSTRACT A study was conducted to determine the apparent metabolizable energy (AME) requirement of Korean native ducklings for hatch to 21 d of age. A total of 336 one-day-old male Korean native ducklings were used in a completely randomized design having 8 dietary treatments to provide a range of AME content from 2,600 to 3,300 kcal/kg (i.e., 100 kcal/kg disparity). Eight experimental diets containing varying levels of AME were formulated to meet the NRC (1994) nutrient specifications. Ducklings were randomly allocated to 48 pens (6 replicates per treatment and 7 ducklings per pen) and were offered their respective diets on an ad libitum basis for the period of study. Body weight and feed intake were measured weekly to calculate feed conversion ratio, energy intake, and protein intake. Two ducklings per pen (n = 6) were euthanized via cervical dislocation to weigh empty body and drumsticks at the conclusion of the experiment. Data were fitted to both linear-plateau and quadratic-plateau models for estimation of the AME requirements for Korean native ducklings for hatch to 21 d of age. The estimated AME requirements were 2,953, 3,007, and 2,950 kcal AME/kg diet for maximum daily gain, daily feed intake, and for minimum feed conversion ratio, respectively. 
INTRODUCTION
Apparent metabolizable energy (AME) content in poultry diets plays a critical role for feed intake, nutrient metabolism, and subsequent growth performance of the host animals (Alvarenga et al., 2013) . For instance, increasing dietary AME content improved feed efficiency of ducks, but excessive AME could increase abdominal or carcass fat deposition or the combination of both (Fan et al., 2008) .
Despite the importance of dietary AME content on the performance of birds, only a couple of studies estimated AME requirements for white Pekin ducks (Fan et al., 2008; Xie et al., 2010) . At present, AME requirements of male Korean native ducks (KND) for 21 d immediately after hatch have not yet been determined. In addition, previously published data on the AME requirements of male white Pekin ducks may not be applicable to the KND due to their inferior genetic growth potential compared to the modern genotype of white Pekin ducks (Hong et al., 2014) . Consequently, the hypothesis tested in this study was that the AME requirements for male KND would be lower than that estimated previously for the modern genotype of male C 2015 Poultry Science Association Inc. Received August 16, 2015 . Accepted September 23, 2015 Corresponding author: jmheo@cnu.ac.kr white Pekin ducks for 21 d after hatch. The objective of the present study was to estimate the optimum AME requirements for maximum growth performance and enhanced carcass traits of male KND from hatch to 21 d of age.
MATERIALS AND METHODS
All practices and procedures for this experiment were reviewed and approved by the Animal Ethics Committee of the Chungnam National University (CNU-00558).
Experimental Design
An experiment was conducted using 336 male KND in a completely randomized design with 8 AME levels (n = 6 replicate pens per treatment and 7 ducklings per pen). The 8 AME levels used in this experiment were 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,200, and 3,300 kcal/kg. Ducklings were fed their respective experimental diets from d one to 21.
Birds, Housing, and Diets
One-day-old male KND were obtained from a local hatchery (Jang Sung duck farm, Jangseong-gun, 1 These ducklings were reared on raised wired floor pens and each pen was equipped with 2 nipple drinkers and a gutter feeder. Birds were offered the experimental diet on an ad libitum basis for the period of the study; fresh water was available at all times, and lighting was continuous for 24 h. The ambient temperature was maintained at 32
• C from days 1 to 3 and then gradually decreased to 25
• C until the ducklings were 21 d of age.
Eight dietary treatments were formulated to contain AME content from 2,600 kcal/kg to 3,300 kcal/kg in 100 kcal/kg scale (Table 1) . Diets consisted of the same protein level and were formulated to meet or exceed NRC (1994) specifications for ducklings 21 d of age. Crystalline amino acids (lysine, methionine, tryptophan, threonine, isoleucine, valine, and arginine) also were added to the diet to meet or exceed dietary amino acids requirements (NRC, 1994) in all diets. All experimental diets were prepared as crumble form.
Postmortem Procedures
Birds were subjected to 12 h feed deprivation at the conclusion of the experiment, and 2 ducklings (closest to the median BW) were selected from each pen (Xie et al., 2010) . Individual BW were recorded and the ducklings were euthanized via cervical dislocation followed by manual evisceration after bleeding.
Collection of Blood and Drumstick at Postmortem
At the time of slaughter, blood samples (5 mL) were collected from the same selected birds (2 birds per pen) into vacutainer tubes coated with lithium heparin (BD Vacutainer R , BD SST TM , Franklin Lakes, NJ, USA). Collected blood samples were centrifuged (Micro 12, Hanil Science Co. Ltd., Incheon, Korea) at 594.2 × g for 10 minutes at 4
• C. Plasma samples were separated and stored at -20
• C until analysis. After evisceration, empty bodies were weighed. Drumsticks (skinless) were removed manually from carcasses and weighed. The empty BW and drumstick weight were expressed as proportions relative to slaughter live BW. Table 2 . Effect of dietary apparent metabolizable energy (AME) content on daily weight gain, daily feed intake, feed conversion ratio, energy intake and protein intake of male Korean native ducks from one to 21 d of age. 
Data Collection and Plasma Creatinine Concentration
The BW, average daily gain, average daily feed intake, and feed conversion ratio of ducklings from each pen were measured weekly throughout the 21-d experimental period. Based on feed intake, dietary energy, and protein level, energy intake and protein intake also were calculated weekly throughout the 21-d experimental period. Plasma creatinine concentration was analyzed with Jaffe assay (Peake and Whiting, 2006) using Automatic Biochemistry Analyzer 7020 (HITACHI, Tokyo, Japan).
Statistical Analysis
Data were analyzed as a completely randomized design, using the GLM procedure of ANOVA of SPSS software version 21 (IBM Corp, 2012) , with a pen used as the experimental unit for all measures. Data from selected individual birds for carcass traits and blood metabolites were pooled to get average value per pen before statistical analysis. When dietary treatment was significant (P < 0.05), means were separated using Tukey's test procedure of SPSS software version 21 (IBM Corp, 2012) . In our study, linear-plateau and quadratic-plateau regression analysis were conducted using a Nutritional Response Model (Version1.1; Vedenov and Pesti, 2008) to determine requirement for AME.
RESULTS

Performances
During 21 d of the experimental period, all ducklings remained healthy and performed well. When AME content was increased, BW gain and energy intake were improved (P < 0.001) whereas feed intake, feed conversion ratio, and protein intake were decreased (P < 0.001) in a nonlinear manner ( Table 2) .
The AME requirements for KND for hatch to 21 d of age were estimated (Table 3) to be 2,906, 2,913, and 2,900 kcal/kg for maximum daily weight gain, feed intake, and for minimum feed conversion ratio, respectively, when data were fitted to a liner-plateau model. When data were fitted to a quadratic-plateau model, AME requirements for KND for hatch to 21 d of age were estimated (Table 3) to be 3,000, 3,100, and 3,000 kcal/kg for maximum daily weight gain, feed intake, and for minimum feed conversion ratio, respectively. Taking a mean value from the 2 response models, recommended AME requirements for KND for hatch to 21 d of age were 2,953, 3,007, and 2,950 kcal/kg for maximum daily weight gain, feed intake, and for minimum feed conversion ratio, respectively (Figures 1-3 ).
Carcass Characteristics
The effect of AME content on carcass characteristics of KND is presented in Table 4 . Increasing AME content improved (P < 0.001) empty BW up to 2,900 kcal/kg and reached a plateau. Drumstick weight also improved (P < 0.001) in a nonlinear manner with increasing AME content in the diet. Similarly, the proportion of empty BW improved (P < 0.05) with increasing energy content up to 2,900 kcal/kg and reached a plateau. However, the proportion of drumstick weight to full BW remained constant (P > 0.05) across varying AME levels (Table 4) .
The AME requirement for maximum proportion of empty BW was estimated using both linear-and quadratic-plateau models (Figure 4) . According to analysis, the requirements for maximum proportion of empty carcass weight were 2,898 kcal/kg (linear-plateau model) and 3,005 kcal/kg (quadratic-plateau model) for KND from hatch to 21 d of age. Based on both models, the recommended AME requirement for maximum proportion of empty carcass weight was 2,952 kcal/kg (Table 3) .
Plasma Creatinine Concentration
There was no significant effect (P > 0.05) of AME content on plasma creatinine concentration of KND from hatch to 21 d of age (Table 4) .
DISCUSSION
In this study, the AME requirements for maximum growth performances of KND from hatch to 21 d were evaluated. Although previously published data on the AME requirements of white male Pekin ducks exist, they may not be applicable to KND due to their slower growth rate than the modern genotype of white Pekin ducks (Hong et al., 2014) . Although Fan et al. (2008) reported the AME requirement for maximum weight gain of white Pekin duck for 2 to 6 wk to be 3,008 kcal/kg; that recommendation may not fit for the first 2 wk of male KND. Moreover, Xie et al. (2010) determined the AME requirement for white Pekin ducklings for hatch to 3 wk, and this estimation was based on feed conversion ratio. Therefore, it is noteworthy to determine the AME requirement for KND during the starter period.
In the present study, when the AME level was increased, the daily weight gain was significantly increased, although daily feed intake and feed conversion ratio were significantly decreased in a nonlinear manner. Likewise, work by Fan et al., (2008) and Xie et al., (2010) demonstrated that weight gain was increased while feed intake and feed conversion ratio were decreased in male white Pekin ducklings as the dietary AME level was increased. In contrast, Thongwittaya et al., (1992) reported that there were no significant differences for BW gain, feed intake, and feed conversion ratio with increasing AME in cross-breed ducks (Khaki Campbell × Thai native ducks) from hatch to 4 wk of age. Our data indicated that energy intake was significantly increased as the dietary AME level was elevated from 2,600 kcal/kg to 3,300 kcal/kg in KND from hatch to 21 d of age. In contrast, Xie et al., (2010) reported that there was no significant relationship between AME intake and the dietary AME level of white Pekin ducklings, as poultry maintains constant energy intake through regulation of the feed intake. In the present study, protein intake was decreased while the AME level increased through reduced feed intake with higher dietary AME. Likewise, Xie et al., (2010) observed significant reduction in protein intake with the increasing AME level in white Pekin ducklings for 3 wk after hatch.
In order to determine the nutrition requirements of poultry such as duck, many studies used a variety of methods (Pesti et al., 2009) . Nevertheless, the accuracy of estimated nutrient requirements is critical as it depends on the chosen statistical model for analysis (Nørgaard et al., 2015) . Both recent studies (Fan et al., 2008; Xie et al., 2010) with white Pekin ducks used a linear-plateau model for estimation of AME requirements. Although this model may provide an adequate statistical fit, it tends to underestimate optimal nutrient requirement levels in a group of housed animals since it does not take into account the physiological differences that exist among the individuals in a population (Pomar et al., 2014) . On the contrary, a quadraticplateau model estimates significantly higher nutrition requirements than a linear-plateau model (Heger et al., 2007) . Therefore, a combined approach (average of the linear-plateau and quadratic-plateau models) was adopted for our study from Nørgaard et al., (2015) to estimate AME requirements for KND from hatch to 21 d of age.
The KND fed a diet with increasing AME responded in a nonlinear manner in daily weight gain, daily feed intake, and feed conversion ratio in the present study. Based on linear-and quadratic-plateau regression analysis, the optimum requirements of AME for maximum daily weight gain and feed intake were 2,953 and 3,007 kcal/kg, respectively, and for minimum feed Table 4 . Effect of apparent metabolizable energy (AME) content on carcass characters and plasma creatinine concentration of male Korean native ducks from 1 to 21 d of age. conversion ratio 2,950 kcal/kg. Xie et al., (2010) reported a 3,017 kcal/kg of AME requirement estimated by a broken-line regression for maximum feed conversion efficiency of male white Pekin ducklings from 7 to 21 d of age. Similarly, Fan et al., (2008) estimated AME requirements of 3,008 and 3,030 kcal/kg using brokenline regression for optimal weight gain and feed to gain, respectively, of white Pekin ducks from 2 to 6 wk of age. It is generally accepted that broken-line analysis underestimates the requirement, and, therefore, the realistic AME requirement for Pekin ducklings would have been higher than 3,017, 3,008, and 3,030 kcal/kg, respectively, for the aforementioned studies if the data were analyzed by both linear-plateau and quadratic-plateau models. Therefore, the above-mentioned results supported our hypothesis that KND likely have lower AME requirements (i.e., 2,953, 3,007, and 2,950 kcal/kg estimated using both linear-and quadratic-plateau models) than that of Pekin ducklings. Furthermore, Kim et al., (2012) recommended 2,800 kcal/kg AME (23% crude protein; corn soybean meal diet) for KND ducklings from 0 to 3 wk of age. Our hypothesis was further supported by these results, although their recommendation (2,800 kcal AME/kg) was somewhat lower than our observed requirement values (2,953 kcal AME/kg for maximum daily weight gain).
Influences of increasing dietary AME content on leg meat and breast meat were not measured in many studies with ducks. Nonetheless, increased abdominal fat deposition was observed in ducks with increasing dietary AME content (Fan et al., 2008 and Xie et al., 2010) . In the present study, increasing AME content in the diet significantly improved full BW, empty BW, drumstick weight, and the proportion of empty BW in a nonlinear manner, whereas the proportion of drumstick weight was not affected. Our results were supported by the work of Kim et al., (2012) who observed no effect of AME content in the diet on the proportion of drumstick weight in 8-wk-old male KND. According to both linear-and quadratic-plateau models, the energy requirement for a maximum proportion of empty BW was 2,952 kcal/kg.
Creatinine is a metabolite of creatine that is eliminated through the kidneys. Creatine involves muscle energy metabolism via the creatine and phosphocreatine system (Michiels et al., 2012) . Published studies concerning the dietary energy level and its effects on blood parameters such as creatinine are scarce. Corduk et al., (2007) determined dietary AME density had no significant effect on creatinine concentration in broiler chickens. In agreement with this, our results on plasma creatinine concentration of 21-day-old KND also did not show a significant effect from the dietary AME content.
In conclusion, dietary AME levels of 2,953, 3,007, 2,952, and 2,950 kcal/kg were recommended for maximum daily weight gain, daily feed intake, proportion of empty BW, and minimum feed conversion ratio, respectively, for KDN from hatch to 21 d based on both liner-and quadratic-plateau models.
